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Abstract
Optical and electrical properties of amorphous carbon nitride (a-CN) have been investigated on films deposited by reactive R.F.
sputtering method with a graphite target. Two series of a-CN samples were prepared using respectively the nitrogen (N2) or
mixture of nitrogen and argon (Ar) as reactant gaz. In the two types of samples, the optical absorption increases with the target
voltage bias and shifts to low energy. In the visible and near ultra violet range, the optical transitions are governed by the  and
 * electronic state distributions, related to sp2 and sp1 hybridized C and N atoms. Specific lonepair electronic states arise from
groups (CN) with sp1 hybridized C atoms, may form CN triple bonds or —N=C=N— longer chains. Photoluminescence (PL)
intensity depends on the microstructure in films but the PL peak does not change of its position at 1.85eV. The effect of nitrogen
and target voltage bias on the optical and electrical properties was discussed in a-CN samples. The electrical properties of
Schottky structures based on a-CN materials were characterized.
© 2009 Elsevier B.V.
PACS: 61.43.-j; 71.55.Jv; 72.80.Ng; 73.61.Jc.
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1. Introduction
The structure of amorphous carbon nitride materials (a-CN) have been extensively studied because the
extraordinary combination of their physical properties [1]. It consists of a mixture of sp2 and sp3 configurations
which can vary the optical band gap by changing the sp2 and sp3 bonding ratio [2]. These properties are attractive for
potential technological and biological applications, in optoelectronic devices such as organic electroluminescent,
biocompatible coatings on biomedical implants, hydrogen-storage system and switching devices [3-5]. From the
numerous studies conducted on the a-CN films, it has been clearly shown that the method of nitrogen incorporation
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(i.e. deposition conditions and system) determines both the nitrogen content and the prevalent C–N bonding
configuration (sp1, sp2 and sp3) in the deposited films, and therefore their physical properties [6].
This work focuses on the role of nitrogen incorporation on the optical and electrical properties and their relation
with the microstructure in a-CN films. The characterisation techniques include Raman, infrared and
photoluminescence scattering, photothermal deflection spectroscopy and electric conductivity.
2. Experimental details
Amorphous carbon nitride films were deposited by reactive sputtering using a graphite target on different
substrates (stainless steel (SS), glass and Si(100)), using a nitrogen (N2) plasma as reactant gas. Prior to deposition
the vacuum chamber was evacuated at ~10-7 Torr and a load-locking chamber was used to introduce substrates. Two
series ‘A’ and ‘B’ of samples were deposited by maintaining the electrode spacing at 25 mm and the substrates
temperature at 100°C. The ‘A’-type samples were grown by using pure N2 as a sputtering gas. The argon gas was
added to nitrogen in the ‘B’ type samples. All the other deposition conditions are presented in table 1. RBS
measurements on similar samples indicates nitrogen contents; 10 at.%, with important O and H inclusions (up to
5%) in ‘A’ type samples. The nitrogen content of the ‘B’ type sample was estimated to be 30 at. % [7] with
negligible O and H bulk contamination. The deposition time was chosen to have the same thickness of all the
samples (100nm). The coefficient absorption α(hν) for all the samples was deduced from reflectance and
transmittance spectra measured using a Perkin Elmer UV/Visible Lambda 9 spectrometer for α(hν) > 104 cm-1 and
photothermal deflection spectroscopy techniques(PDS) for α(hν) < 104 cm-1. Raman spectra were collected at Ee =
2.4 eV excitation, on a Renishaw micro-Raman spectrometer. The power was limited to 75 mW on a spot size of  2
mm diameter, to prevent the sample annealing. IR spectra were recorded at 400–4000 cm-1 on a Brucker IFS66V/S
spectrometer. PL investigations were carried out on spot sizes 3 mm2 at 2.4 eV excitation (power: P=10 mW) and
room temperature, using Renishaw monochromator. Dark electrical conductivity measurements, within 10% error
range, were performed using a Keithley electrometer model 6517A in the temperature range 50-450 K, in 2-point
coplanar configuration. Photoconductivity was performed at room temperature using a power density of
150mW/cm2. In the Schottky diode, the ohmic back contacts of low resistance were formed on the SS substrate by
aluminium alloying. Metal contacts were fabricated on top of the films by evaporative deposition using Al in an oil-
free vacuum system using suitable masks. The C-V characteristics were measured using HP 4274 LCR meter.
3. Results and discussion
Figure 1 shows the experimental absorption spectra α(hν) measured by a combination of photothermal deflexion
spectroscopy and optical transmission /reflection techniques.
Fig. 1. Absorption coefficient α(hν) versus energy for two types of samples.
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Table 1. Deposition conditions and results of a :CN films.(sccm :standard cubic centimeter minute).
Sample Ar
(sccm)
N2
(sccm)
RF Power Targ.
Volt.
Eg
(eV)
E04
(eV)
Eu
(meV)
Ea1
(meV)
Ea2
(meV)
σph/ σD
(x 103)
M511 79 450W 1290V 1.79 0.89 264 150 4,1 1.08
M510 80 450W 1200V 1.70 0.92 250 167 5 1.2
M518 100 250W 950V 1.42 1.23 247 185 6,4 1.12
M517 80 150W 700V 1.14 1.82 200 240 9,3 1.46
M508 80 150W 670V 2.01 1.89 179 290 9 2.52
M502 77 3 150W 570V 1,96 2.12 202 110 9,6 0,91
M495 80 3 150W 700V 1.29 1.22 215 95 5,9 0.53
M503 77 3 150W 710V 1.24 1.20 267 90 6,2 0.29
M506 77 3 480W 1160V 1.67 0.88 260 100 6 0,13
M512 77 3 450W 1250V 1.62 0.89 255 95 7 0.08
In the two types of samples, the absorption increases with increasing the voltage bias and shifts to low energy. The
‘B’ type samples have higher optical absorption compared to the ‘A’ type ones. The Tauc gap Eg [8] and E04 energy
corresponding to α(hν)=104cm-1 are given in table 1.
It is known that change in E04 depends on the nitrogen and carbon (N/C) ratio. For samples prepared in N2
atmosphere the E04 is always higher than the ones prepared in (N2+Ar) in similar conditions (table 1). The decrease
of E04 shows graphite-like structure tendency. Element inclusion of O and H can probably induce the same gap
decrease. In the tail region, the optical absorption spectrum can be represented by:
( ) ( )UE/EexpE ∝α (1)
where E and EU are respectively the excitation and Urbach energies [9]. The Urbach tail in a-CN films is attributed
to structural disorder which gives a broadening of band edges. When the ratio N/C in a-CN films is low, the films
gap is small and the dominant structure is graphite-like. By increasing the N/C ratio, the gap-edge sharpens (table 1).
Our infrared spectra are shown in figure 2. The absorption peak centred at ~2210 cm-1 concerns the stretching mode
of the C≡N bands [10]. This peak is narrower in samples prepared in N2 atmosphere.
The region 1000–1800 cm-1 consists of the peaks due to sp2 and sp3 bonded carbon–carbon and carbon–nitrogen
bonds. The peaks at 1370 and 1560 cm-1 are the D and G bands of the sp2 ring (hexagonal) structures. These bands
are inactive in IR for graphite. In a:CN films, the symmetry breaking due to the incorporation of nitrogen and
polarization of the sp2 carbon attached to nitrogen causes the band to appear in the spectrum.
The band at ∼1650 cm-1 corresponds to the stretching mode of sp2 C-N chain type bonding. The peaks at 1250
and 1460 cm-1 are respectively the sp3 C–N stretching and bending modes of C–H bond. The region between 2000
and 2300 cm-1 corresponds to stretching mode of sp1 CN bonding. Our films were found to have very weak
absorption in the region 2000–2300 cm-1 as shown in Fig. 2 in samples prepared in [N2] atmosphere. In carbon
nitrides, –C≡N is present as the terminal group [6] which may terminate a chain and thus, determines the extent of
the void structure. This result is confirmed by the bands around 3400 cm-1, associated with O–H vibrations,
suggesting a high atmospheric contamination by oxygen and water.
In Raman spectra (Fig:3), The 1370 cm-1 peak is the disorder band (breathing mode) of sp2 ring (hexagonal or
graphitic) structure, generally absent in the Raman spectra of crystalline graphite, and is activated due to breakdown
of the momentum selection rule caused by small domain size or impurities (substitution nitrogen in the present case)
[11].
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Fig. 2. Infrared absorption spectra of a-CN films grown in [N2] ‘M508’ and [N2+Ar] ‘M503’.
Fig. 3. The typical Raman spectrum of a:CN films prepared in [N2] ‘M508’ and in [N2+Ar] ‘M502-M495’ atmospheres.
We report elsewhere [12] that the ratio of integrated intensity ID/IG, using Gaussian decomposition, increases with
the target voltage. The slope of this ratio variation is more significant in the ‘B’ type samples. This indicates that N
addition has replaced the C=C olefinic groups with aromatic groups. The integrated intensity of the G and D peaks
ratio (ID/IG) increases with N content, leading to an enhancement and clustering of sp2 phase. The increase of
negative target voltage induces both the dissociation/recombination of species and the formation of a large amount
of disorder and defects in the deposited films.
The PL intensity is high in the sample M508 and low in the sample M502 (Figure 4). In general, ‘B’-type
samples have much lower photoluminescent intensity than ‘A’-type films. This may be explained by higher defect
densities, lower confinement of the photo excited pairs or lower ‘efficiency’ of the nitrogen-related lone pairs with
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respect to oxygen lone pair. The PL peak position EPL (1.85 eV) is the same for all samples. It is important to
remind that, in ‘pure’ carbon based materials, the optical properties in the UV–Vis range are mainly made up by π-
states [3]. However, most of the nitrogenated groups that were hypothesised in carbon nitrides, does not only
involve π- and π*-states, but also lone-pair electrons sitting close to Fermi level [13]. Also, the OH inclusions,
though not providing π-states, involve two lone-pairs per O atom. Such lone-pairs are responsible to hydrogen
bonding in water. More generally, lone-pair electron tend to form weak bonds with the surrounding centres [14],
included the sp2 carbon sites which are responsible to most of the π-states.
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Fig. 4. PL spectra of two samples prepared in [N2] ‘M508’ and in [N2+Ar] ‘M502’ atmospheres.
Fig. 5. Dark conductivity as a function of 1/KT for ‘B’ type samples ‘square symbol’ and ‘A’ type samples ‘Diamond symbol’.
The dark conductivity σD versus temperature has two different slopes at low and at high temperatures with a
transition at about 190 K (figure 5). The variation of σD with temperature in films with high nitrogen concentration
is weak compared with low nitrogen content films. The linearity at both low and high temperature is indicative of a
thermally activated process [14]. The variation of the activation energies Ea1 and Ea2 respectively at high and low
temperature is given in table 1. The two activation energies decrease with increasing target voltage for the samples
prepared in N2 atmosphere, and remain approximately constant for the ones obtained by the mixture of (Ar+N2).
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Fig. 6. I-V characteristics of Schottky diodes fabricated using a-CN layer.
The larger conductivity in ‘A’ type samples at high temperature (T>190K) is attributed to a combined effect of
N-induced increase in the π-state density and ordering of the sp2 phase [15] assisted by OH hydroxyl.
It seems that the high value of σph/σD in ‘A’ type samples (table1) compared to ‘B’ was due to the reducing of
dangling bonds by hydroxyl as mentioned by S. Nitta et al. [16].
We observed Schottky behaviour for some realised devices on samples deposited in stainless steel (SS) substrate
and characterized by I-V measurements. Fig. 6 shows the I-V measurements for two types of Schottky diode at room
temperature. The parameters deduced from I-V characteristics show an ideality factor of 2.1 for the DM512 and 1.67
for DM517. The forward threshold potential is 1.45V for the first diode and 0.46V for the second, which correspond
to the Schottky barrier height. The series resistor is respectively about 32.9 Ω and 51 Ω. The reverse saturation
current Is is about 6.72 μA for the diode fabricated with a-CN layer prepared only in [N2] atmosphere (DM517)and
2.33 μA for the one prepared in [Ar+N2] gaz atmosphere (DM512). The a-CN Schottky solar cells made by Zhou et
al. showed a threshold voltage of about 1.5 V[17]. The realised devices using the ‘A’ type samples have lower
threshold potential due probably to the small energy gap Eg than in ‘B’ type ones. The capacitive measurements at
100 kHz without polarisation shows a value of 1.6 nF for the DM512 and increased to the 5.2 nF for DM517. These
values decrease with increasing polarisation.
4. Conclusion
The effects of deposition conditions on the chemical binding states and optical properties of a-CN films prepared
by r.f sputtering were analyzed. The films deposited in N2 atmosphere shows low nitrogen content, high absorption
coefficient and low energy gap. This is probably due to a graphite-like structure modification and element inclusion
like O and H. The structure modification shows that in carbon nitrides, –C≡N is present as the terminal group of a
chain and thus determines the extent of the void structure.
The samples prepared in [N2 +Ar] atmosphere exhibit lower photoluminescent intensity compared to the
precedent samples. This may be explained in terms of higher defect densities and lower confinement of the
photoexcited pairs or lower ‘efficiency’ of the nitrogen-related lone pairs with respect to oxygen lone pair. The
increase of aromatic clusters size in the first series of samples may be responsible to the OH inclusions and the
change in conductivity at high temperature. The observed Schottky barrier in structure ss/a-CN/Al shows the
rectifier behaviour and a lower threshold potential.
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